Abstract. Given the important role the ring current plays in magnetospheric energetics, it is essential to understand its strength and evolution in disturbed times. There are currently three main methods for deducing the strength of the ring current: measuring ground magnetic perturbations, measuring high-altitude magnetic perturbations, or directly measuring ring current particles. The use of ground magnetometers is the most convenient, and many use the ground magnetometer-derived Dst index as a proxy for the ring current. Recent work suggests, however, that a substantial portion of Dst may not be caused only by the ring current but also by local induction effects or other magnetospheric currents, so simply using the Dst index may yield inaccurate results. This study uses direct particle measurements to calculate the strength of the ring current and compares this to the measured Dst values. We investigate several magnetic storm intervals, using the Polar Charge and Mass Magnetospheric Ion Composition Experiment (CAMMICE) to measure ring current ions. We then use the Dessler-Parker-Sckopke relation to compare this to the measured Dst. This analysis is used both to understand the general behavior of the ring current compared to Dst as well as to compare the usefulness of the Dst proxy for different types of storms. Ring current ions are shown in this analysis to contribute, on average, half of the Dst depression, with a large variation among individual events.
surements from the Charge-Energy-Mass (CHEM) instrument on the Active Magnetospheric Particle Tracer Explorers (AMPTE)/CCE to measure the energy density and evolution of the ring current for the major storm event which occurred in February of 1986. This storm lasted over a week and had a peak Dst value of-312 nT, which was equivalent to -368 nT when pressure corrected. They found Dst to be well correlated with the inner ring current energy density from storm maximum well into recovery, but they did not find it to be as well correlated during the developing main phase. The local energy density multiplied by a volume estimate, assuming azimuthal symmetry, was less than but typically within a factor of 2 of Dst. The range of measured ring current energies throughout the event was 24 -84% of the Dst variation, with an average of 51.2 q-17.7%. The peak energy content estimated was 8 x 1022 ergs, which was a factor of 14 increase from prestorm values.
Roeder et al.
[ 1996] studied ring current ions measured by the Combined Release and Radiation Effects Satellite (CR-RES). They analyzed ions from the magnetic storm event which occurred in March of 1991. They found that ring current ions could only account for 30 to 50% of the Dst variation, and they further noted that the dusk-midnight local time position of CRRES, combined with the assumption of local time asymmetry, should overestimate the total energy.
A more statistical analysis was performed by Greenspan and Hamilton [2000] also using AMPTE/CCE CHEM ion data. They studied 80 magnetic storms between 1984 and 1989 to estimate the global ring current energy. They assumed a 30% increase in Dst due to ground currents and did not attempt any corrections for asymmetry, tail currents, or magnetopause currents in their data. They found a strong linear correlation between nightside ring current energy and Dst. Dayside measurements yielded essentially no correlation, which is suggestive of strong azimuthal asymmetry in the ring current. They found the highest ion densities in the nightside and the lowest in the morning sector, consistent with an ion population injected on the nightside which must drift and incur losses before reaching the morning sector. They calculated ratios of total ring current ion energy to Dst for each local time sector and found a ratio of 1.4 x 1029 keV nT -] in the 0600 -1200 LT sector and 2.2 x 1029 keV nT -] in the 1800 -2400 LT sector. The authors speculated that given the good agreement they found between nightside ion measurements and Dst, perhaps some of the neglected effects (e.g., tail currents and magnetopause currents) might compensate for one another.
A.M. Jorgensen et al., (A statistical study of the global structure of the ring current, submitted to Journal of Geophysical Research, 2000) conducted a study of the global structure of the ring current using magnetic field data from CRRES. They derived an average magnetic field configuration of the inner magnetosphere ring current region as a function of Dst. They sorted CRRES magnetic field data by local time and global magnetic activity (Dst) to produce magnetic field maps, from which they calculated local current systems. From these current maps they determined that the ring current was asymmetric for all values of Dst. The peak was in the afternoon sector for quiet times and near midnight during disturbed conditions. By integrating magnetic perturbations due to the ring current, the authors were able to recreate Dst. They found the best match when assuming a perfectly conducting Earth (which would cause induced ground currents to increase the external current system contribution to Dst by 50%) and applying a 20 nT offset to Dst, which they interpreted as a quiet time ring current baseline.
The present study continues and improves on the earlier works by examining data from the Polar Charge And Mass Magnetospheric Ion Composition Experiment (CAMMICE) and including the effects of other known current systems on Dst, as well as investigating and, in some cases, making corrections for ring current azimuthal asymmetry.
Instrumentation and Method
For this study, ion data from the Magnetospheric Ion Composition Sensor (MICS) instrument from CAMMICE, on board the Polar spacecraft, were used. The MICS sensor uses an ellipse-shaped electrostatic analyzer, a secondaryelectron generation/detection system, and a solid state detector to measure the energy, time of 4tight, and energy per charge of the incident ion flux. These three parameters permit a unique determination of the ion charge state, mass, and incident energy over the energy range from 6 to 400 keV e-] 
Dessler-Parker-Sckopke Relation
The standard assumption is that Dst, once corrected for the influence of other current systems, is a reliable meaThe data used in this study are from March of 1996 through sure of the energy content in the extraterrestrial ring current September of 1998. The number of passes of Polar through particle population. The original relationship between Dst and the energy of the ring current particles was derived by main phase versus recovery due to the limited size of the data set for periods of high activity. The late-night sector (0000 -0600 MLT) seems to maintain a steadier value relative to Dst*, which indicates that particle measurements in this sector correlate better with Dst than do measurements from other locations. 
Model-Derived Asymmetry

Statistical Results
Statistics for all events from March of 1996 through September of 1998 are shown in Table 1 . The first column shows the peak value for -Dst*, followed by the percentage of Dst* 
Induction
It is important to note that when we speak of the ring current contribution to Dst, we are strictly referring to the energy of the ring current particles. The ring current is known ied quite a lot. Certainly, some of this variation is due to ring current asymmetry-since most events were not asymmetry corrected, there are many cases of overestimating and underestimating the total particle energy simply due to the location of the satellite. However, as can be seen in Figure 2 , there are excursions from the theoretical values in all MLT sectors to play a role in inducing ground currents which influence and in both directions. It is not clear why these storms beDst, but this contribution was separated out in this study. If have so differently. The standard deviations shown in Table  one considers the indirect effects of the ring current, such as 1 were large, around 25%, suggesting that many events did induced ground currents, in influencing Dst, then the contribution will be larger than that calculated in this paper.
General Results
Overall, the ring current data show good agreement with not fit this model. Studying the differences in these events, using both magnetospheric and solar wind data, might shed some light on their different dynamics.
